- Best
Available
C opy



AD-767 043

STUDIES IN THE MARGINAL ICE ZONE OF
THE CHUKCHI SEA. ACOUSTIC AND OCEANO-
GRAPHIC DATA FOR 1972

Gerald R. Garrison, et al

Washington University

Prepared for:

Naval Undersea Center
Advanced Research Projects Agency

31 July .973

DISTRIBUTED BY:

National Technical Information Service

U. S. DEPARTMENT OF COMMERCE
5285 Port Royal Road, Spring* 'd Va. 22151




JORATORY, CODE 90
ER, SAN DIEGO, CALIFORNIA
13-71-C-1333, ARPA ORDER M0, 1782

o APL-UW 7309
e e ey 1973




UNCLASSIFIED
Security Classification

DOCUMENT CONTROL DATA - R&D

(Security classification of title, body ol abstract and inilexing annotatton must be entered when the overall report 18 clesailied)
1 ORIGINATING ACTIVITY (Corporate euthor) 2a REPORT SECURITY C LASSIFICATION
Unclassified

Applied Physics Laboratory, University of
Washington, 1013 NE 40th, Seattle, Wash.98105

3 REPORT TITLE

25 GROUP

STUDIES IN THE MARGINAL ICE ZONE OF THE CHUKCHI SEA:
ACOUSTIC AND OCEANOGRAPHIC DATA FOR 1972

4 DESCRIPTIVE NOTES (Type ol report and inclusive dates)

§ AUTHOR(S) (Last name. lirst neme. initial)
Garrison, Gerald R.
Pence, Elbert A.
Feldman, Henry R.

6 REFPORT DATE 78 TOTAL NO. OF PAGES 7b. MO OF REFS
31 July 1973 152 2
8¢ CONTRACT OR GRANT NO. 98 ORIGINATOR'S REPORT NUMBER(S)
N000123-71-C-1353
; b. PROJECT NO APL-UW 7309
c ARPA Order No. 1782 9b OTHER REPORT NO(S) (Any other numbere that may be aseigned
this report)

¢ e

10 AVAILABILITY/LIMITATION NOTICES

! The distribution of this report is unlimited.

11. SUPPLEMENTARY NOTES 12 SPONSORING MILITARY ACTIVITY
Arctic Submarine Laboratory, Code 90
) Naval Undersea Center
San Diego, California

13 ABSTRACT

Oceanographic and acoustic measurements were made from an ice-
breaker and from a camp on an ice floe in the Chukchi Sea during the
summer of 1972. The purpose of this report is to present the large
amount of data in a form which involves only a minimum amount of
processing. These data include temperature and salinity profiles,
current measurements, sound level profiles at short range from a 60-
kHz pulse transmitter, volume reverberation from biological scatterers,
and ice floe movement in relation to wind and currents. The analysis
of these data will appear in a subsequent report.

D D 1 595’:4 1 473 "" UNCLASSIFIED

Security Classification




UNCLASSIFIED

Security Classification

14
KEY WORDS

LINK A LINK B LINK C

ROLE ROLE wT ROLE wY

Chukchi Sea Marginal Ice Zone, Studies in
Marginal Ice Zone of the Chukchi fea
Thermal Microstructure

Volume Reverberation

Sound Transmission

INSTRUCTIONS

\, ORIGINATING ACTIVITY: Enter the name and address
of the contractor, subcontractor, grantee, Department of De-
fense activity or other organization (corporate author) issuing
the report.

2a. REPORT SECURITY CLASSIFICATION: Enter the over
all security classification of the report. Indicate whether
“‘Reatricted Data’ la included. Marking ia to be in accord-
ance with appropriate sccurity regulations.

2b. GROUP: Automatic downgrading is specified in DoD Li-
rective 5200.10 and Armed Forces Industrial Manual. Enter
the group number. Also, when applicable, show that optional
markings have been used for Group 3 and Group 4 as author-
ized.

3. REPORT TITLE: Enter the complete report title in all
cepltal letters. Titles in all cases should be unclassified.
If a mesningful title cannot be aelected without classifica-
tion, show title classification in all capitals in parenthesis
immediately following the title.

4. DESCRIPTIVE NOTES: If appropriate, enter the type of
report, e.g., interim, progress, summary, annual, or final.
Give the incluaive dat=a when a specific reporting period is
covered.

5. AUTHOR(S): Enter the name(s) of author(a) as shown on
or in the report. Enter laat name, {irst name, middl e initial.
If mllitery, show rank and branch of service. The name of
the principal aythor is an ahaolute minimum requirement.

6. REPORT DATE: Enter the date of the report as day,
month, year, or month, yesr. If more than one date appears
on the report, uae date of publication.

7a. TOTAL NUMBER OF PAGES: The total page count
should follow normal paginstion procedures, i.e., enter the
number of pages containlng information,

76. NUMBER OF REFERENCES: Enter the total number of
referencea cited in the report.

8a. CONTRACT OR GRANT NUMBER: If appropriate, enter
the applicable number of the contract or grant under which
the report was written.

8b, Bc, & 8d. PROJECT NUMBER: Enter the appropriate
military department identification, auch as project number,
aubproject nuirber, aystem numbers, task number, etc.

9a. ORIGINATOR’S REPORT NUVBER(S): Enter the offi-
cial report numter by which the doc. ment will be identified
and controlled by the originating activity. This number muat
be unique to this report.

9b. OTHER REPORT NUMBER(S): If the report has been
assigned any other report numbers (either by the originator

or by the sponsor), also enter this number(a).

10. AVAILABILITY/LIMITATION NOTICES: Enter aay lim-
itations on further dissemination of the report, other than those

imposed by security claaaification, using standard statementa
such as:

(1) **Qualified requeators may obtain copiea of th.a
report from DDC.”’

(2) ‘“‘Foreign announcement and dissemination of thia
report by DDC is not suthorized.”

(3) ‘*U. S. Government agencies may obtain copies of
this report directly from DDC. Other qualified DDC
users shall request through

N "

(4) *“U. S. military agencies may obtain copies of thla
report directly from DDC. Other qualified uaers
shall request through

L "

(5) *‘‘All distribution of thia report ia controlled Qual-

ified DDC users shall request through

If the report has been furnished to the Office of Technical
Services, Department of Commerce, for sale to the publlc, indl-
cate thia fact and enter the price, if known

11. SUPPLEMENTARY NOTES: Use for additlonal explana-
tory notes.

12, SPONSORING MILITARY ACTIVITY: Enter the name of
the departmental project office or laboratory sponeoring (pay-
ing for) the reaearch and development. Include address.

13. ABSTRACT: Enter an abatract giving a brief and factual
summary of the document indicative of the report, even though
it may also appear elsewhere in the body of the technical re-
port. If additional space is required, 8 continuatlon sheet ahall
be attached.

1t is highly desirable that the absatract of classified reports
be unclasaified. Each paragraph of the abstract shall end with
an indication of the military security classification of the in-
formation in the paragraph, represented aa (TS). (S), (C), or (U).

There is no limitation on the length of the abstract.
ever, the suggeated length is from 150 to 225 words.

14. KEY WORDS: Key words are technically meaningful termas
or short phrases that characterize a report and may be used as
index entries for catalcging the report. Key words muat be
selected so that no secu ity classification ia required. Identi-
fiers, such as equipment mode! designation, trade name, military
project code name, geographic location, may be used aa key
words but will be followed by an indication of technical con-
text The assignment of links, rtlea, and weights 18 optional.

How-

[

UNCLASSIFIED
Security Classification

T P I e




Studies in the Marginal Ice Zone of the
Chukchi Sea

Acoustic and Oceanographic Data for 137

by G.R. Garrison
E. A. Pence
H. R. Feldman

PREPARED FOR:

ARCTIC SUBMARINE LABORATORY, CODE 90
NAVAL UNDERSEA CENTER, SAN DIEGO, CALIFORNIA
UNDER CONTRACT N000123-71-C-1333, ARPA ORDER NO. 1782

APL-UW 7309
31 July 1973

Reproduced by

NATIONAL TECHNICAL

INFORMATION SZRVICE
rat of €

U S Departrent of Commerce
NATUES IS

51

DG TAIBUNON FTETPLENT A
Appenvad tar pubhc 1edease;
Mstnban m Tedowtad

]




Rty e e e

e e B e T B e B

e

| o

we

UNIVERSITY OF WASHINGTON - APPLIED PHYSICS LABORATORY

CONTENTS

INTRODUCT TON . ot vttt ietietetue e nnenoeenonnannosanassnessaanans sosasns 1
=3 1 1= - ) P R 1
Scope of This Report......ciiiiiiiniiiiiniieienrnennereannas 2
e 3 o 1 1 J T R R R R 2
OCEANOGRAPHIC DATA. .ot i it ittt ittt tinsnnesnosnesas ioanacaasasasannss 2
INtrOdUCE ION .ttt vttt eeeesttoorenuaasssssasssaeiosonssaonsaannsss 2
SPring MeasUTEmMeNTS . .. vuuvurieeeennneeeeenaeein seeencasaanaannas 5
Chukchi Sea Oceanography......couviiiinnieneiveeeees aonosnonnns 7
Thermal MIiCTOStIUCTUTE . . v. v ittt it tnnnnrononsnnaoseesaaaansnens A
CUTTENES . ot v e esnoraatosossessosoassosarossssesstssesansanons 17
ACOUSTIC DATA . ..ttt ittt i it et tenieesnassssssesaossasaossasannssnnns 27
Short Range Transmission.......... .iciieieenininenneancnraonnens 28
Volume Reverberation........oeiiiiiiiiinnnnreranennnsanennesacsns 32
ENVIRONMENTAL DALA. ...ttt ittt ittt eeeerneesasatossaseacsasannnns 34
T8 £V I IR 34
Other Routine MeasuTrementS. ...t it vnrorssenannsenanacsns .. 34
DEFERENCES . . ittt ittt it iit it teieettntasesesassassssaassasasencsaannens 43
APPENDIX A, Chukchi Sea Profiles from Icebreaker...................... Al
APPENDIX B, Temperature .iid Salinity Profiles at Camp 2............... Bl

APPENDIX C, Temperature and Sound Intensity Profiles at Camp 1
(at constant TAIEe) . . ..iuvveevrinrnennnsonnnsaaanonsaasasnss Cl

APPENDIX D, Temperature and Sound Intensity Profiles at Camp 1
(At VATIOUS TANEES) . ettt v e e renanennasonenansseasnns D1
APPENDIX E, Temperature Profiles at Camps 3 and 4 from Icebreaker..... El

APL-UW 7309 iii




A
- L3 b

B o ¥ Ay S

|
!

ant

s
»

e

-

§

1

o

*

B ol O

UNIVERSITY OF WASHINGTON - APPLIED PHYSICS LABORATORY

INTRODUCTION

General

The 1972 Pacific Marginal Ice Zone Study (MIZPAC- 2) by the Applied
Physics Laboratory was conducted in the Chukchi Sea between 20 July and
18 August.* The objective of the study was to obtain data on the phenom-
ena observed during a study the previous summer--namely, the warm water
intrusion from the south, the resulting thermal fine structure and its
effect on acoustic transmissions, and the volume reverberation produced
by biological scatterers. (Reference 1 describes the 1971 study.) Mea-
suremen’.s were made from the USCGC STATEN ISLAND and from a drifting ice
floe.

The work from the icebreaker consisted mainly of two cruises (see
Table I for itinerary) and was designed to obtain an overall description
of the temperature and salinity distribution and the biological scatter-
ing layers in the marginal ice zone (MIZ) of the Chukchi Sea as well as
some knowledge of the changes that occur during the summer.

. T
Table I. Itinerary for MIZPAC-72.

20 July Depart Barrow on STATEN ISLAND
20 July Barrow Line
24 July Wainwright Line
25 July Icy Cape Line
26 July Chukchi Sea Crossing
28 July Wainwright Line
29 July Search for Suitable Floe
30 July To Barrow
31 July Depart from Barrow

1 Aug Ice Camp Established

4 Aug Barrow Line

5 Aug Wainwright Line

7 Aug Wainwright to Ice Camp
12 Aug Abandon Ice Camp

13 Aug Barrow Line

14 Aug Wainwright Line

15 Aug Chukchi Sea Crossing

17 Aug Southward Crossing

19 Aug Arrive Nome

*Local time, Greenwich time less 9 hours, is used throughout this
report.

+A map of the area is shown on page 8.

FPL-UW 7309 1

R R e T

A o




UNIVERSITY OF WASHINGTON - APPLIED PHYSICS LABORA ORY

The ice floe served as a stable platform from which measurements
over fixed dimensions could be made, and was used to obtain a detailed
description of the thermal structure and its effect on acoustic trans-
missions. The floe was occupied for 12 days. It remained in the MIZ
nee¢r the coastal current until the last day when it entered the current
and was carried into the Beaufort Sea.

Scope of This Report

This report presents the extensive oceanographic and acoustic data
taken during the study. These data will be referenced and partially
reproduced in a later report when the analysis has been completed.

Logistics

Instrumentation for measuring temperature and salinity profiles and
volume reverberation was provided by the Laboratory. The equipment for
taking plarkton samples was provided by the University of Washington's
Oceanography Department. Navigation informaticn was furnished by the
STATEN ISLAND, ma‘nly with its NAVSAT equipment. Ship's force also as-
sisted with the measurements by operating winches, taking Nansen samples,
etc. The ship's two helicopters provided reconnaissance flights and
occasionaly served as platforms for oceanographic mensurements.

The Coast Guard radio station at the Naval Arctic Research Labora-
tory (NARL) gave considerable assistance, providing radio communication
between the ship and NARL. The food, fuel and clothing required for the
ice camps were supplied by NARL. NARL also served as a base of onerations
for personnel awaiting transportation to ship or airport.

OCEANOGRAPHIC JATA

Introduction

Most of the temperature and salinity profiling equipment had also
been used the previous summer, but one new unit was developed to operate
automatically. This automatic profiler, or ACTD, (see Figure 1) lowers
a temperature-conductivity-depth probe to the bottom at regular intervals
and records the data on paper tape. 1t was used mainly for overnight
operations, but with some improvements in tap: storage and the battery
pack it should be able to perform for extended periods.

APL-UW 7309
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tigure 1. Automatic Profiler.

APL-UW 7309 3
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Five units, consisting of the following components, were provided

for measuring profiles: f
Designation Components
CTD, ACTD NUS conductivity cell, thermistor, Vibrotron® ‘}

pressure transducer, electric powered winch,
cable, paper punch

TD 1, TD 2 Thermistor, Vibrotron, paper punch, control “5
and TD 3 box, cable
Only the CTD and ACTD units had a powered winch. Tiic others were ;l

lowered by ha..! with the cahle laid out on the ice or coiled in a wooden
box. With only 60 m of cable, this method was more convenient than
handling a winch and power source. The cables were marked every 10 m. ‘
In general, the probes should have been weighted more heavily because :
at times the current relative to the ice flow was greater than expected
ard the probe did not reach the desired degth.

Data recording instrumentation included a data signal converter and
a paper punch unit. The signal converters were capable of converting
each of three frequency-modulated input signals to four-character BCD ~j
numbers. The converter utilized a BCD counter that stored the number of

1-MHz clock pulses generated during 255 complete cycles of the sensor =
input signal. The output of the BCD counter was gated by the functional i
timing controls and at the appropriate time was supplied to the paper =

tape unit for recording. The input sensor signals were sequentially
multiplexed to produce a data sample of three BCD outpucs, a time/code
word used to represent the relative time of the sample from the start of {
the drop, and an externally set 6-bit code. A data sample was completed

in about 0.8 sec,

The punched paper tape output for each profile was about 25 ft
long. The tape was usually fed into a box and rolled up after lowering
the prote. Although it was necessary to keep the tape dry, it was pos- |
sible to operate the punch in the open on many days.

A data reduction system was provided in the field to convert the
punched tape data to a plot of temperature and salinity versus depth.
Occasionally, sound velocity and density were also included. This sys-
tem consisted of a Hewlett-Packard tape reader, desk calcuiatcr, printer
and plotter. A 50-meter profile was plotted in about 15 minutes. The
system had great flexibility since the plotter could be set to plot each
variable at any desired scale. The calculator rapidly performed the
lengthy calculations of salinity, sound speed and density. The plotter
was the slowest link in the system, with the tape reader only slightly
faster.

4 APL-UW 7309
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(

To demonstrate the feasibility of using helicopters to take mea-
surements below the surface, a temperature-depth probe with cable and
recording equipment was installed in a Coast Guard helicopter. As the
helicopter hovered 10 veet above the water, the probe was slowly lowered
2 to a depth of 50 m and then recovered. (Another helicopter carried the
volume reverberation equipment, and, while the helicopter hovered, the
transducer was suspended just below the surface for about 10 minutes.)
Before lowering any equipment into the sea, the helicopter's sling cable
r was dipped into the water to discharge static electricity that had accu-
s mulated on the helicopter. If equipment is lightweight and measurements
can be taken quickly, the method provides rapid coverage of a large area.

i ik i
.,
| == 3

Spring Measurements

- Measurements were made along the Barrow line on 29 April 1972 to
deterwine spring conditions. A helicopter (Bell 205A-1) was rented for
the day from a firm in Anchorage and provided with a temperature-depth
profiler and a smali hand winch for taking Nansen samples. The proce-
dure was for the helicopter to land on the ice and remain with rotor

‘ turning while the probe was carried to the ice edge and lowered either
to the bottom or to 60 meters depth. The recording instrumentation
remained aboard.

—

The first stop was made at the edge of the shore-fast ice about a
mile from shore. Stops were planned at 10-mile intervals but there was
so much open water and thin ice that the second staticn was at 20 miles.
Succeeding stations were spaced every 10 miles out to 70 miles.

F-o— f S

A second series of four measurements at 20-mile intervals was taken
at the edge of the shore-fast ice along the coast toward Wainwright.
The last station of this series was midway between Wainwright and Icy
- Cape.

[

Nansen samples and reversing thermometer readings were taken at
three of the stations, two in the first series and one in the second.
One thermometer failed but the other showed fair agreement with the
2 thermistor used for profiling.

The temperature profiles are shown in Figures 2 and 3. In these
figures the temperature scale is greatly expanded to bring out the fine
structure in the nearly isothermal water. Reversing thermometer readings
are shown as dots next to the profile and salinities are written near the
dot.

Salinities were about 33%o 60 miles off shore. The high salinity
value at S5 meters in the first profile is difficult to explain and may
be in error.

APL-UW 7309 5
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Figure 2. Oceanographic Measurements along a Line North from Barrow.
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Figure 3. Oceanographic Measurements Along the Coast il ﬂ
Southwest of Barrow.
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The temperature throughout the area was only slightly above the
freezing point. Some layering appears in the profiles taken at Barrow
and 20 miles down the coast, but the measurements show that there was
no appreciable amount of warm water entering the area at that time. The
considerable amount of open water off Barrow was not related to the pres-
ence of a warm intrusion, unless layers only 0.1°C warmer than the main
body of water can be considered significant.

Chukchi Sea Qceanography

The gross oceanographic structure of the Chukchi Sea was studied in
surveys with the icebreaker along the length of the Chukchi MIZ at both
the beginning and end of the summer project. The Barrow and Wainwright
lines were also run at an intermediate time while the ice camp was
occupied.

Measurements in the Chukchi MIZ were taken at the locations
shown in Figure 4. The number of measurements is summarized in Table II.
Most of the profile measurements included temperature and conductivity
but those taken from the helicopter were of temperature only. Appendix
A contains plots of all the profiles taken during this phase.

At the time the Barrow line was first rum, the ice was only a few
miles off Barrow. Fifteen miles from Barrow the ship was stopped by the
ice pack and delayed until the £ifth and sixth engines were placed in
operation.

Table II. Summary of Profiles.

Date Location No. of Profiles
20 July Barrow Line 11
Helicopter 4
24 July Wainwright Line 7
25 July Icy Cape Line 11
26, 27 July Chukchi Crossing 11
Helicopter 4
28 July Wainwright Line 8
Northeasterly 4
4 Aug Barrow Line 11
Helicopter 7
5 Aug Wainwright Line 7
7 Aug Northeasterly 11
13 Aug Barrow Line 6
14 Aug Wainwright Line 8
15 Aug Chukchi Crossing 13

APL-UW 7309 7
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The first profile in Figure 5 shows an intrusion of 2°C water along
the coast. The second profile shows that at 6 miles off the coast this
intrusion has disappeared and the water remains at the winter temperature
distribution. Further out, as shown in the third profile, a small intru-
sion can be noted at a depth of 40 to 60 meters.

’ TEMP C TEMP °C TEMP °C
=2 L] 2 -2 0 -2 Q
g a Y 0 / 0
10+ 10~ [[o]od (
{
) 2 20+ 20
o
| E:u— g 301 gyr
! ¥ H H
= ; P
40- S a0 & aof
8 8
I
i wL 50} sof
»
- €0 €0 60
; 70 7oL T0-
3 MILES 6 MILES 15 MILES
N. OF BARROW N. OF BARROW N. OF BARROW
OPEN WATER 7 OKTAS ICE 7 OKTAS ICE
BARROW LINE
20 JUL 72
1 Figure 5. Temperature Profiles along the Barrow Line.
The Wainwright line profiles (see Figure 6) show a layer of 6°C
water on the surface. This layer was found to extend to about 15 miles
off the coast, where a light ice pack was encountered. The Icy Cape

|
|
|
;
I
I

line profiles (see Figure 7) show a larger layer of 6°C water which
extends north of latitude 71° and overlays, with a very sharp transition,
the -1°C water beneath.

Eatain S Sl e b
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Figure 6. Temperature Profiles along the Waimiright Line.
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Pigure 7. Temperature Profiles along the Icy Cape Line.
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Some profiles taken as the STATEN ISLAND turned west and crossed
the Chukchi Sea, more or less paralleling the edge of the ice pack, are
shown in Figure 8. The warm surface layer hecame smaller when the ice
pack was approached (see Figure 8, 2nd graph) and then larger again as
the ship moved into open water. At 174°W, near Herald Island, the layer
had a temperature of 8°C and was 15 meters thick. It's salinity was
about 31%o compared to 33%o for the deeper water.
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Figure 8. Temperature Profiles across the Chukchi Sea.
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L

The Barrow and Wainwright lines were run again while the ice camp
was occupied, and then again during the final cruise. Figure 9 shows
prefiles taken along the Barrow line in mid-August where the surface
layer along the coast is 8°C compared to 2°C in late July. The layer is
strong 4 miles off the coast but disappears by 8 miles. The Wainwright
line profiles of 14 August (see Figure 10) show the sharply defined sur-
face layer again extending to more than 12 miles off the coast. The
salinity difference between the surface layer and deep water is now less,
which aids mixing.

The second Chukchi crossing (see Figure 11) was made further north
thin the first in an attempt to again stay near the ice pack. Because
ci equipment failures the westernmost profile was at 169°W. Although
further north, the profiles show about the same size surface layer as
that in the first crossing, indicating that the boundary of the surface
layer is closely related to the edge of the ice pack.

Thermal Microstructure

Fijure 12 shows the drift of the ice camp. The ice floe drifted
slowly southward through the transition region between the winter water
and the warm intrusion along the coast. This transition region contained
thermal microstructure with temperature excursions of *0.1°C. As the
floe moved southward into the coastal current, a predominant warm layer
appeared at the surface and larger microstructure (*0.2 to #0.3°C)
appeared at the lower depths.

The ice floe was used as a platform for meking detailed measurements
of the temperature and salinity profiles. Foui stations were established
at the corners of a 140 yd by 160 yd rectangle (see Figure 13). Temper-
ature profiles were measured at all stations and conductivity profiles
were included at Camp 2 where the automatic profiler was being tested.
The number of measurements at each station is shown in Table III.
Appendix B contains all the temperature and salinity profiles obtained
from Camp 2 measurements.

We intended to operate all four stations simultaneously on the hour,
but this schedule was occasionally disrupted by equipment failure. As a

result only three stations were operating for most of the hourly measure-
ments.

On two days a szeries of measurements was made at 15-minute inter-
vals for 6 hours each day. Equipment failure reduced the total time for
four-station operation from the intended 12 hours to 9 hours. This series
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has been plotted for each station (Figure 14) with an arrangement that
allows comparison of the thermal layers at the four camps. The salinity
profiles plotted from measurements at Camp 2 are presented in Figure 15.
On 8 August the ice floe moved only 4 miles and the thermal layers

changed slowly. On the folloving day the floe, having moved closer to

the intrusion of warm water along the coast, traveled about 10 miles and
the profiles had more structure and changed faster. A detailed compari-
son of the profiles at the four camps is expected to improve our estimates
of the horizontal extent of the small thermal layers.

Additional profiles obtained at Camps 3 and 4 are included in Appendix
E (pp. E3-E13). These are plotted as a series, usually at a spacing of 1
hour. All series plots in this report have each curve displaced 10 divisions.

The profiles obtained from the icebreaker when it was alongside the
ice floe are also included in Appendix E (pp. E14 and E15).

Currents
Current measuring probes were lowered by hand from tae ice floe
whenever time was available. The measurements were time consuming and

had a low priority, so current data are sparse and irregular. A summary
of the measurements is given in Table IV.

Table IV. Summary of Current Measurements, 1972.

Number of Profiles

Date Speed Direction

3 Aug 3

4 Aug 3 1

5 Aug 3 2

6 Aug 1

7 Aug 3 3

8 Aug 3 3

9 Aug 2 1
10 Aug 5 5 (20-40 m only)
11 Aug 1

The unit used to measure current speed consisted of a Savonius rotor
and a Vibrotron attached to the end of electrical cables married to a
strain line. A 4-1b weight was suspended below the rotor. The pulses
from the Savonius reed switch (actuated by the rotor magnets), along
with the Vibrotron signal, were fed to counters at the surface where they
were read and recorded manually. The direction unit consisted of a large
vane and flux-gate compass, along with a Vibrotron, and was operated on
a separate strain line. The outputs of the compass and Vibrotron were
read and recorded manually at the surface.

APL-UW 7309 17
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From 3 to 7 August speed profiles were taken by lowering the in-
strument slowly while manually recording the Vibrotron output and rotor
count. Later, the instrument was held at each depth long enough to get
a stable reading. The current measurements are relative to the floe,
which is usually moving. Direction profiles were taken separately,
stopping the instrument at every meter of depth to record the magnetic
direction of the current flow. The direction vane was then dragged
along the bottom to obtain the direction of the floe's movement. These
data are presented in Figures 16-18. The reading near the bottom is an
indication of the actual speed of the floe with respect to the bottom.
When both the speed and direction of the floe's movement are known, the
current reading can be corrected.

Prior to 7 August the current speed was less than 10 cm/sec and the
direction was fairly constant below 10 m. On 7 August (see Figure 19)
the floe picked up speed in a southeasterly direction and the current
relative to the floe was about 20 cm/sec. This is about the same magni-
tude as the floe speed shown on the ice floe drift track, Figure 12,
which means that at this time the absolute current was moving at twice
the speed of the floe, or 40 cm/sec.

On 8 August the floe moved at about 8 cm/sec in the same direction
as the relative current, which dropped to 5 cm/sec (see Figure 20).

RELATIVE CURRENT (CM/SEC)

¢} 0o 10 [} o 0 10 o] 10
71— =T— N = B (e e

20+

DEPTH {METERS)

£,

2045 2219 2345 1230 1630
3 AUG 4 AUG

Figure 16. Current Measurements from the Ice Floe on 4 August.
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Figure 18.
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On 9 August (see Figure 21) the floe picked up speed and headed
east-northeast. Again the absolute current was 40 cm/sec with the floe
at half that speed.

On 10 August the floe moved east-northeast at 35 cm/sec and the
relative current built up to 25 cm/sec in the same direction, indicating
an absolute current of 60 cm/sec (see Figure 22).

On 11 August the floe drift track showed a speed of about 100 cm/
sec. A relative current of 20 cm/sec was measured at 15 m, indicating
an absolute current of 120 cm/sec. At depths from 20 to 30 m the rela-
tive current was near zero (see Figure 23). The increase in relative
speed below 30 m may indicate a current in the opposite direction,
in which case it would represent water moving slower than the floe.
Unfortunately, no direction measurements were made at this time.

RELATIVE RELATIVE
CLURRENT DIRECTION CURRENT
|CM / SEC] (* MAG) (Cm/SEC)

o 20 3 -80 -90 O 90 180 0 10 20
o T —T
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Figure 21. Current Measurements from the Ice Floe on 9 August.
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ACOUSTIC DATA

The acoustic studies consisted of short-range transmission measure-
ments between stations on the ice floe and volume reverberation measure-
ments from the icebreaker.

Shoi* Range Transmission

Acoustic transmission measurements at 60 kHz were made from one
station on the ice floe to another. The receiver was placed at Camp 1
and the transmitter was placed on the extension of a line from Camp 1
through Camp 2 to give a transmission path of 230 yd. Conditions along
the path were determined by the temperature conductivity probe at Camp
2 and tiue temperature probe at Camp 1. The transmitting transducer was
placed at a depth of 33 meters and produced 60-kHz acoustic pulses 4 msec
in length at a repetition rate of two per second. The receiving transdu-
cer was suspended 1 meter below the thermistor-Vibrotron probe by a sepa-
rate cable married to the profiling cable. The veceived sound intensity
was punched into paper tape along with the temperature and depth data.

In this way temperature and sound intensity were measured simultaneously
about every 0.3 meter from the surface to a depth of 50 meters.

Intensity profiles werc obtained with every temperature profile taken
at Camp 1 from 4 August to 11 August. A typical example is shown in Figure

24, which shows the te.perature profile at Camp 1 along with the intensity
profile (transmitter depth, 33 m; transmission path, 238 yd). The vari-
ation in received intensity is about *6 dB when temperature variations occur
near the depth of the transmission. The temperature layers producing this
variation are about *0.2°C from the average smoothed temperature profile.

More complete sets of data were also obtained. A sample is shown in
Figure 25, which includes the temperature profiles at both Camp 1 and Camp
2 and the salinity profile at Camp 2, which was about one-third of the way
from the transmitter to the receiver. The transmitter was at a depth of 40
meters and the distance from the transmitter to the receiver was 150 yd.

The temperature profile, with its prominent 0.3°C warmer layer at 25
meters and 0.3°C colder layer at 30 meters, produces a S5-meter thick region
at 150 yards where the intensity is more than 10 dB below normal. In
general, the fluctuations in intensity were of this magnitude but tended
to change sign with every 2 or 3 meters of depth.

Plots of all temperature and intensity profiles taken at regular
time intervals with constant range and depth are included in Appendix C.
Those profiles taken for various source depths and at various ranges are
presented in Appendix D.

In Figure 26 the intensity profiles taken during the 6-hour studies

on 8 and 9 August are plotted alongside the corresponding temperature
profiles to show the interrelationship.
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Figure 25. Sound Intensity Anomaly.
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Volume Reverberation

Measurements of volume scattering strength in the Chukchi Sea were
made from the icebreaker STATEN ISLAND during two cruises, 20-29 July
and 13-18 August 1972. The data were taken with two downward-looking,
narrow beam, pulsed, echo-sounding systems, one operating at 38 kHz and
one at 105 kHz,

The transducers were calibrated and their beam patterns measured at
the Applied Physics Laboratory. The remainder of the system was cali-
brated before each measurement by introducing a known RF voltage at the
input from the transducer and recording the resultant signal on the data
track of the tape deck immediately prior to recording the echo data.

The data and synchronization pulses were recorded on 2-track analog tape
decks and analyzed on the DDAPS* system (Ref. 2), as were the 105-kHz
data in 1971, to obtain quantitative results for the acoustic volume
scattering strength in each of 10 depth intervals at each location.

Measurements were made at 81 locations with the 38-kHz system ard
at 98 locations with the 105-kHz system along the tracks shown in Figure
4, At most of these locations a conductivity and a temperature profile
were also taken, and at 35 locations some biological sampling was per-
formed. Approximately 29 vertical net hauls and 55 horizontal trawls
wece performed by Mr. Miles Furnas of the University of Washirgton
Desartment of Oceanography. The final report will include a discussion
of the relationship between the observed volume scattering strength, the
conductivity and temperature profiles, and the biological samples.

In addition to recording the data on magnetic tape for subsequent
analysis, echogram recordings were made of both the 38- and 105-kHz data.
The results were extremely variable. Scatteri-~g layers were observed
at all depths but there was a genera’ tendency for the s*rongest volume
scattering to occur in the top 40-50 meters. In particular, it was noted
that there was considerable scattering in the top 10-15 meters when an
intrusion of warn surface water was obscrved by the CTD profiler. Fig-
ures 27 and 28 show a sample of the echograms recorded by each system at
the same location in about 25 fathoms of water, a depth typical of the
region. Easily observed are a dense group of small scatterers in the
top 8 meters or so, two layers in the neighborhood of 20 meters, and as-
sorted individual scatterers at greater depths. Although there is a
fairly good correspondence between these particular records at the two
frequencies, such correspondence is often not so marked. A particular
effort will be made in the data analysis to identify the biological
species causing the scattering on the basis of the relative scattering
strength between the two frequencies.

*Digital Data Acquisition and Processing System. Developed at the Uni-
versity of Washington, this system gives the average scattering strength
in each of up to 10 depth intervals.
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Figure 27. Echogram Taken at 38 kiz.
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Figure 28. Echogram Taken at 105 kHaz.
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s s s

ENVIRONMENTAL DATA

Although our main interest in these studies was below the surface,
observations abcve the surface were considered important because of the
interaction be’'ween air and sea. Routine environmental ovservations
were taken from the ice floe during most of the encampment,

Weather

Observations and readings of several instruments were taken hourly
on the ice floe about 16 hours each day. All information was recorded
in a log book for the period of the ice floe occupation, 2-11 August.

A tabulation cf this data appears in Figure 29.

The wind speed was measured with a 3-cup anemometer mounted on a 12-
ft pole. A magnetic pick-off sent electrical pulses to a counter at the
foot of the pole. Wind speeds were low except for winds of 20-30 mph on
6 August ard 15-20 mph on 8 August. The wind direction was estimated by
facing the wind and noting the direction on the compass. Winds were
from the east at first, changing to westerly on 5 August and continuing
westerly or southwesterly until the floe was abanduned on 11 August. A
graph of wind speed and direction is given in Figure 3u.

The barometric pressure was recorded by an aircraft altimeter with
o barometric correction. The altitude was brought to zero with the
correction control and the barometric pressure was then obtained by
reading the control setting. The peaks in pressure are summarized below:

High 2 Aug 30.28
Low 6 Aug 29.28
High 7 Aug 29,87
Low 8 Aug 29.60
High 9 Aug 29.98
Low 10 Aug 29.79
High 11 Aug 29.96

Air temperature was measured with a thermocouple meter sheltered
from the sun. The temperature usually dropped to near freezing at night.
On sunny days it rose as high as 52°F. During rainy days it varied
between 40°F and 45°F.

Other Routine Measurements

Floe orientation was measured with a marine binnacle compass fixed
on the floe. The reference line was established along the initial radio
beacon antenna. The floe changed orientation at a varying rate with a
maximum of about 15°/hr. The fastest changes occurred with rapid changes
in the wind. (See Figure 29 for the tabulated data and Figure 30 for a
plot of floe orientation.)
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Water depth was measured with an acoustic fathometer. Sound pulses
at 360 kHz were reflected off the bottom and the transmit and return
pulses were used to start and stop an oscillatcr whose output was gated
into a pulse counter. The maximum depth readable was 150 meters. This
data is tabulated in Figure 29.

Some additional depth information was obtained by dropping the
temperature-depth probe to the bottom and noting the maximum depth
recorded by the Vibrot 'on pressure transducer.

Other observations tabulated in Figure 29 are:

(1) radar transponder, on or off

(2) radio beacon, on or off

(3) location of STATEN ISLAND relative to the floe
(4) Dbearing of the sun

(5) the sky condition.

REFERENCES

1. APL-UW 7223, "Studies in the Marginal Ice Zone of the Chukchi
and Beaufort Seas: A Report on Project MIZPAC-71B," by G.R.
Garriscn and E.A. Pence, 31 January 1973,

2. APL/Sea Grant Document, "Program Description, DDATS #1, An
Integrator Program to Estimate Fish Population Density,"
1 May 1971,
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APPENDIX A

CHUKCHI SEA PROFILES FROM ICEBREAKER

Profiles of temperature and conductivity were measured from the ice-
breaker at the locations shown in Figure 4.
and plotted for temperature, salinity, sound spred, and density.
few measuremen:s from the helicopter provided temperature data only.

list of the times of these profiles is given below.

Barrow Line

Date

20 Jul 1445,

21 Jul 0630
Icebreaker lodged in

22 Jul 0800,

23 Jul 0410,
Helicopter

23 Jul 0930,
Near Barrow

23 Jul 1730

Wainwright Line

24 Jul 0210,

Icy Cape Line
25 Jul 0015,
1315,

Chukchi Crossing

25 Jul 1650,

26 Jul 0215,

27 Jul 0155
Helicopter

26 Jul 0940,

Time

1830,

ice

1110,
0430

1000,

0330,

0205,
1430

2010,
0505,

1000,

2130

1620,

1030,

0500,

0320,

2340
0750,

1020,

1920

1100

0615, 0715, 0850, 1040

0535, 0650, 0750, 0925, 1035, 1130,

1520, 1810, 2035, 2300

1040

APL-UW 7309 Al

Profiles were calculated
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Wainwright Line

28 Jul 0200, 0415, 0455, 0600, 0645, 0815, 1000, 1130
Moving northeast
28 Jul 1320, 1500, 1640, 2250

Barrow Line (Westerly)

4 Aug 1145, 1230, 1315, 1410
Helicopter
4 Aug 7 stations at 1500-1700

Wainwright Line (Northerly)

5 Aug 0400, 0515, 0700, 0820, 0915, 1100, 1230

Northeasterly
7 Aug 0445, 0530, 0630, 0715, 0930, 1045, 1210, 1320, 1415, 1510,
1600
Barrow Line
13 Aug 0250, 0500, 0650, 0850, 1030, 1145

Wainwright Line

13 Aug 1945, 2215
14 Aug 0000, 0129, 0240, 0340, 0430, 0545

Chukchi Crossing

15 Aug 0110, 0345, 0600, 0835, 1000, 1200, 1410, 1530, 1700, 1900,
2115, 2350
16 Aug 0300
Helicopter
16 Aug 3 stations (not included)
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APPENDIX B
TEMPERATURE AND SALINITY PROFILES AT CAMP 2

The automatic profiler was set up at Camp 2 and operated throughout most
of the ice floe occupancy. The profiles were plotted at the following times.
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1730 1800 1900 2000 2100 2200 2300 2400

4 Aug 0100 0200 1120 1200
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APPENDIY C

TEMPERATURE AND SOUND INTENSITY PROFILES AT CAMP 1
(at constant range)

An acoustic transtucer, a depth probe and a temperature probe were
combined and lowered over the edge of the floe to obtain temperature profiles

and profiles of the acoustic s<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>